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ABSTRACT 


A Perkin Elmer MGA-1200, turbomolecular-pumped, magnetic 
sector, multiple gas analyzer mass spectrometer with modified inlet 
for fast response was characterized for the analysis of hydrogen, 
helium, oxygen and argon in nitrogen and helium background gases. This 
instrument was specially modified for the Vanderberg AFB SLC-6 
Hydrogen Disposal Test Program, as a part of the Hydrogen Sampling 
System (H2S2). Linearity, precision, drift, detection limits and 
accuracy among other analytical parameters for each of the background 
gas were studied to evaluate the performance of the instrument. The 
results demonstrate that H2S2 mass spectrometer is a stable 
instrument and can be utilized for the quantitative analytical 
determination of hydrogen, helium, oxygen and argon in nitrogen and 
helium background gases. 


131 



ACKNOWLEDGEMENT 


The author would like to thank the NASA/ASEE Summer Faculty 
Fellowship Program, to Loren Anderson, University of Central Florida, 
to Dennis Armstrong (KSC) for providing him with the opportunity to 
work at Kennedy Space Center (KSC) for the summer, and to the people 
at KSC, where the dream is still alive, for their hospitality and 
gentleness. 

Special thanks to William R. Helms, Chief of the Instrumentation 
Section of the Engineering Development Laboratory for providing the 
facilities of the Gas Detection Laboratory, and for his guidance and 
encouragment in all the phases of this research project. 

Grateful acknowledgement is due to Dave Collins, Mark Nurge, 
Julie Baker, Paul Mogan, Josh Travis and Richard Phillips for their 
valuable assistance and support during my stay at KSC. Appreciation is 
due to folks working in the Engineering Development Laboratory, and 
especially to Richard Hritz, and Bob Howard and his group for providing 
a friendly working environment around the Gas Detection Laboratory. 

The author would also like to thank Julio Santiago, also a Summer 
Fellow from the University of Puerto Rico, for his productive 
assistance, and for his friendship. 

The support of my home institute, the University of Puerto Rico, 
and especially of Professor Rafael Munoz Candelario, is gratefully 
acknowledged. 


132 



TABLE OF CONTENTS 


Section 


I. 

II. 

II. A. 1 

II.A.2 

II.B 

II.C 

II. D 

HE 

II. F 

II. G 

III 

III. A 

II LAI 
IM. A2 
MLB 
III.B1 

III. B2 

III B3 
NIC 

IV. 


Title 


INTRODUCTION 

MATERIALS AND METHODS 

Mass Spectrometric System 
Calibration Gases 
Sample Delivery System 
Calibration 

Linearity and Precision Tests 
Drift Tests 
Detection Limits 
Response to a Gas Pulse 

RESULTS AND DISCUSSIONS 

Linearity and Precision Tests 
Nitrogen Background Gas 
Helium Background Gas 
Drift Study 

Nitrogen Background Gas 
Helium Background Gas 
General 

Response to a Gas Pulse 
CONCLUSIONS 


133 



LIST OF TABLES 


Table Title 


IA. Linearity and Precision Study : Statistical 

Data of Gases in N 2 Bkg Gas 

IB. Background Corrections in N 2 for Detection Limit 

Determination 

2A Linearity and Precision Study : Statistical 

Data of Gases in He Bkg Gas 

2B Background Corrections in He for Detection Limit 
Determination 

3. Drift Study : Readout of Std Gas Mixture in N 2 

with Bkg Correction 

4. Drift Study : Readout of Std Gas Mixture in He 

with Bkg Correction 

5A. Response Time, N 2 Gas Pulse in He 

5B Response Time, He Gas Pulse in N 2 


134 



LIST OF ILLUSTRATIONS 


Figure 

1 . 

2A. 

2B. 

3. 

4. 

5. 

6A-6B. 

6C-6D. 

6E. 

7A-7B. 

1C. 

8A-8B 

8C-8D. 

9A-9B. 

10A-10B 


IOC. 

11A-1 IB. 


12 . 


Title 

Typical MGA-1200 System Block Diagram 

Typical MGA-1200 Inlet System 

Operation of a Magnetic Sector Mass Spectrometer.. 

Linearity and Precision Test Setup 

Drift Test Setup 

Response Time Setup 

Linear Curves - H2/N2 10% and H2/N2 100% 

Linear Curves - O2/N2 25% and He/N2 

Linear Curve - Ar/N2 

Repeatability : Std Gas Mixture in N 2 - H 2 /N2 10%, 

H 2 /N 2 100%, 0 2 /N 2 25% and He/N 2 

Repeatability : Std Gas Mixture in N 2 - Ar/N 2 

Linear Curves - H2/H6 10% and h^/He 100% 

Linear Curves - O2/H0 25% and Ar/He 

Repeatability : Std Gas Mixture in He - 02/He 25%, 

Ar/He, H 2 /He 10% and H 2 /He 100% 

Drift Study : Std Gas Mixture in N2 with Bkg 
Correction - O2/N2 25%, H0/N2, H2/N2 10% 

and H 2 /N 2 1 00% 

Drift Study : Std Gas Mixture in N2 with Bkg 

Correction - Ar/N2 

Drift Study : Std Gas Mixture in He with Bkg 
Correction - H 2 /He 10%, H 2 /He ina%. n ; . /n.- 25% 

and Ar/He 

Response Time Recording of a N2 Zero Gas Pulse in 

He zero Gas 


135 



I- INTRODUCTION 


Hazardous gases are used extensively in various phases of the 
space shuttle launch at the Kennedy Space Center (KSC). Presence of 
hydrogen (H 2 ), even in small amounts in unwanted areas may generate 

severe hazardous conditions. In order to avoid the accumulation of 
these gases, nitrogen (N 2 ) and helium (He) are used as purge gases in 

various shuttle compartments and in cryogenic fuel lines respectively. 
This results in the importance of monitoring the presence of hydrogen, 
oxygen and other inorganic gases in the purged environments for a safe 
space shuttle launch. 

Gas detection system used at KSC for the space shuttle launches 
involves the monitoring of the hazardous gases in various purged 
environments. Mass spectrometers and other analytical instruments, 
located in the Mobile Launch Pad (MLP) are used for the analysis of 
these purged gases. The spectrometers, in the past, had diode ion- 
pumps for their high vacuum systems, and have proven to be highly 
reliable over numerous shuttle launches for the detection of hydrogen, 
oxygen, argon and helium in nitrogen purged areas. Helium purged areas 
could not be monitored by these systems since ion-pumps are not well 
suited to pumping with a nearly 100% helium background. 

Recently, mass spectrometers with turbo-molecular vacuum 
pumps have become available which are ideal for monitoring the helium 
purged environments. These pumps have an advantage that they are not 
affected by the noble gases. Currently at KSC, turbomolecular-pumped 
mass spectrometers are being tested for use in monitoring helium and 
nitrogen purged areas and the results have been very promising. 
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The present investigation has focussed primarily on the 
evaluation of a modified version of a Perkin Elmer's magnetic sector, 
multiple gas analyzer mass spectrometer having a turbo-molecular 
pump installed for its vacuum system. Precisely, it involves the 
evaluation of the instrument for the analysis of hydrogen, oxygen, 
helium and argon in nitrogen and helium background gases. 
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II- MATERIALS AND METHODS 


A. 

1- Mass Spectrometric System 

The mass spectrometer used for this work was a Perkin 
Elmer's MGA-1200 Multiple Gas Analyzer (H2S2) with a mass 
range of 2-135 atomic mass unit. The spectrometer is a 
magnetic sector type which utilizes a turbo-molecular pump 
(50 L/sec capacity) for its vacuum system, The system was not 
further modified for this investigation. The MGA operates with a 
pressure of 50 Torr at its inlet leak and is equipped with 
Faraday detectors for intercepting the ion beams. The block 
diagram of the MGA system is presented in Figure 1. Figure 2A 
and 2B respectively demonstrate the flow diagram of the 
sample delivery system and the operation of the magnetic 
sector mass spectrometer. 

2- Calibration Gases 

Matheson Gas Products compressed gas cylinders 
containing mixtures of various gases of interest at different 
levels of concentrations in nitrogen and helium were used for 
this study. Pure nitrogen, air and helium gases were supplied by 
KSC. 


B. Sample Delivery System 

The sample delivery system used was a 8-port rotary gas 
valve for selecting the correct calibration gas. Standard gas 
mixtures with nitrogen and helium as the background gases were 
connected to the rotary valve having an electronically controlled 
switch. The switch facilitated rapid changes between various 
gas mixtures. The outlet of the rotarv vah ^ w « ; connected to a 
pre-calibrated sample flow conti oil*' i 1 111 1 '> outlet of 

the flow controller was connected to the capillary of one of the 
inlet ports of the instrument via a digital calibrated gas flow 
meter (Sierra) and a T-connector. This T-connector is important 


ryo j'yt; ', j . p rvE. TS 
OF. P<50R SlAJLITY. 
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for maintaining the sample inlet capillary at the atmospheric 
pressure. The total length of the tubing from the rotary outlet to 
the inlet capillary of the spectrometer was about six feet. 
Standard gas bottles were connected to the rotary valve with 2- 
4 feet long tubing. PVC tubing was used for all the gas 
transport lines. All the pressure regulators at the standard gas 

bottles were operated at an outlet pressure of about 15 lbs/in 2 . 
MGA required a minimum of 0.40 SLPM sample inlet flow for the 
capillary having inner diameter of 0.025 inches. The flow was 
optimized by monitoring the oxygen channel reading of the mass 
spectrometer while cycling a standard gas mixture through the 
system. Below this setting the "clean capillary" indicator light 
indicates that an insufficient amount of sample is reaching the 
inlet capillary. A higher flow rate of upto 0.8 SLPM of gas did 
not affect the performance of the instrument. Unless otherwise 
specified, a sample flow rate of 0.48-0.52 SLPM through the 
system was maintained for all the analytical measurements. 
The gas flow requirements may vary according to the diameter 
of the capillary connected to the sample inlet port of the 
instrument. 

All the measurements were taken after a delay of about 
15 seconds stabilization time. This was the time required by the 
mass spectrometer to respond accurately to the sample change 
at the rotary valve at the flow rate used for the experimental 
work. 


C. Calibration 


For its characterization, the mass spectrometer was 
calibrated using analyzed gas mixtures from Matheson Gas 
Products. The instrument was calibrated with a zero gas and a 
standard gas mixture having known concentmtions of the gases 
to be analyzed in their respective i> ickrn'Mind oases. For the 
analysis in nitrogen background. il> < • ■ 1 *i o * 1 1 -u standard gas 
mixture contained: 

H 2 - 2.601% 
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He - 

7.006% 

0 2 - 

7.007% 

Ar - 

1.001% 


For the analysis in helium background, the calibration standard 
gas mixture contained: 

H 2 - 2.600% 

0 2 - 5.003% 

Ar - 1.000% 

D. Linearity and Precision Tests 

The linearity and repeatability tests for the analyte 
gases in nitrogen and helium background gases were performed 
by analyzing standard gas mixtures containing varying 
concentrations of the analyte gases in their respective 
backgrounds. The experimental setup procedure for the 
determination of these parameters is shown in Figure 3. The 
output of each analyte gas channel was recorded in a digital 
form through an external digital voltmeter and also on a 6- 
channel chart recorder as the zero gas and the standard gas 
mixtures were cycled through the rotary valve. 


E. Drift Tests 

Drifts in the output of the various gas channels of the 
instrument were monitored for 24 hours by cycling standard gas 
mixtures in nitrogen and helium background gases. The setup 
procedure for this study is presented in Figure 4. The standard 
gas mixtures used for this study are as follows: 
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1. Analyte gases in nitrogen background 


H 2 - 2.598% 

He - 5.006% 

0 2 - 5.122% 

Ar - 1 .000% 


2. Analyte gases in helium background 

H 2 - 7.058% 

02 - 3.297% 

Ar - 0.999% 


The instrument was calibrated for the appropriate 
background gas (N 2 or He) with the standard mixture before the 

start of the test. Appropriate zero gas kept flowing through the 
system for most of the time except for when the instrument 
inlet was switched to the other inlet port for analyzing the 
standard gas mixture. After recording the output of the various 
channels on a strip chart recorder and in a digital form at 
certain intervals of time, the inlet was switched back to the 
original zero gas inlet of the instrument. 

F. Detection Limits 

The output of H2(0-100% range), He(0-100% range), 
02(0-25% range) and Ar(0-100% range) analyte channels of the 
instrument were recorded on a strip chart recorder preset in 
milli-volts ranges by using a fast scan speed (30 cm/min) for 
30 seconds when appropriate zero gas was flowing through the 
system. 

G. Response to a Gas Pulse 

H2S2 is equipped with • <""•< ■ ■ • • • ■■ i tor a fast 

response to detect a sudden sample change in the zero gas 
flowing through the system. The purpose of this test was to see 
how fast the instrument can detect 90% of the gas peak from 
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the base value when a gas pulse of one zero gas was generated 
into another zero gas. The response of the instrument was 
recorded on a strip chart recorder. The setup procedure for this 
test is presented in Figure 5. Gas pulses of half a second to one 
second were generated from one zero gas into another zero gas 
through a fast-response Marotta electric valve. An auto timer to 
generate the timed pulses, and to control the strip chart 
recorder simultaneously was constructed in the laboratory. 
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Ill - RESULTS AND DISCUSSIONS 


A. Linearity and Precision Tests 
A1- Nitrogen Background Gas 


Data obtained by analyzing a series of seven standard gas 
mixtures containing varying concentrations of analyte gases are 
presented in Table 1A. The experimental averages with 
background correction are the average of a set of eleven 
consecutive runs. The background levels of various analyte gases 
were obtained when pure nitrogen was cycling through the 
system. The relative errors in the analytical results for most of 
the standards for the analyte gases are in the range of 0.05- 
3.05% except for hydrogen on standard mixture bottle numbers 2 
and 6. No obvious explanation can be offered for this deviation 
except to question the accuracy of the supplied standard bottle 
mixtures. The linear curves obtained for the various analyte 
gases are presented in Figures 6A-6E. The curves demonstrate a 
linear response of the mass spectrometer to the concentration 
range of the various analyte gases tested under the conditions 
of the experiment. 

Repeatability test data are presented in a graphic form 
in Figures 7A-7C. The coefficient of variation for the eleven 
consecutive test runs is less than 2% for all the analyte gases. 

The results obtained for the detection limits of the four 
analyte gases when pure nitrogen zero gas was cycled through 
the system are presented in Table IB. The detection limits for 
the four analyte gases in nitrogen background gas taken as twice 
the standard deviation are as follows: 
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H 2 (0-100% range) 

197 

PPM 

ORIGINAL PAGE IS 
OF POOR QUALITY 

O 2 (0-25% range) 

26 

PPM 

He (0-100% range) 

305 

PPM 


Ar (0-100% range) 

27 

PPM 


A2- Helium Background Gas 





Table 2A demonstrates the data obtained by analyzing a 
series of standard gas mixtures in helium zero gas. The 
experimental averages with background correction are again the 
averages of a set of eleven consecutive runs. The background 
levels of various analyte gases were also obtained when pure 
helium was cycling through the system. The relative errors in 
the analytical results for various gas mixtures for the three 
analyte gases are in the range of 0.05-4.03% except for the two 
standard mixtures corresponding to bottle numbers 2 and 5. 
Again no explanation can be offered for this discrepancy except 
suggesting to check the accuracy of these standard mixtures by 
running fresh and reliable new standards. The linear curves 
obtained for the various analyte gases are presented in Figures 
8A-8D. The curves demonstrate a linear response of the mass 
spectrometer to the concentration range of the various analyte 
gases tested under the prescribed conditions of the test. 

The repeatability test data is presented in a graphic 
form in Figures 9A and 9B. The coefficient of variation of the 
eleven consecutive test runs is less than 1% for all the analyte 
gases in helium background gas. 

The results obtained for the detection limits of the three 
analyte gases when pure helium was cycled through the system 
are presented in Table 2B. The detection limits for the three 
analyte gases taken as twice the standard deviation are as 
follows : 
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H 2 (0-100% RANGE) 

- 1 09 

PPM 
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0 2 (0-25% RANGE) 

- 22 

PPM 


Ar (0-100% RANGE) 

- 15 

PPM 


B. Drift Study 

B1- Nitrogen Background Gas 





During the analysis of the zero gas over a 24-hour period, 
all of the analyte channels demonstrated a negative drift from 
their initial values and fell between 138 to 300 PPM except for 
argon which drifted about 70 PPM 


Table 3 demonstrates the drift in the analytical readout 
obtained for the standard gas mixture in nitrogen with 
background correction. The drift study plots of the various 
analyte gas channels are presented in Figures 10A-10C. Most of 
the channels demonstrate stability with small fluctuations, 
about 1% from the initial value, except for argon which deviated 
about 4% of the initial value in the positive direction. 


t 


B2- Helium Background Gas 

For the zero helium gas analysis, all the channels drifted 
in the negative direction from the start of the experiment. The 
drift in all the analyte gas channels fell in the range of 50 to 
220 PPM. 


Table 4 demonstrates the drift in the analytical readout 
of the various analyte gas channels for the standard gas mixture 
in helium with background corrections. The data is presented in 
a graphic form in Figures 11 A and 11B. Hydrogen channel 
demonstrates a negative drift from th° initial value while 
oxygen and argon reflect an upward frond Hv-lropen and oxygen 
channels drifted about 2% and nr-r-n rir.m, i ■•rifled about 6% 
from their initial readout. 
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B3- General 


The results obtained on the drift study of the various 
analyte gas channels of the instrument reflect that for accurate 
and precise analytical results, periodic background corrections 
are needed during the analysis of gases in nitrogen background 
gas. It is especially important during the analysis of the analyte 
gases in helium background gas. 

C. Response to a Gas Pulse 

Tables 5A and 5B demonstrate the results obtained for 
the time required by the instrument to detect 90% peak of a zero 
gas from the baseline when pulses of half to one second 
durations were genearated into another zero gas flowing through 
the system. The results demonstrate that H2S2 can detect 90% 
of the peak from the baseline, from a distance of about six feet 
from its T-capillary connection, a half a second pulse of 
nitrogen zero gas into helium zero gas flowing at a rate of 3-6 
SLPM in about 0.6 to 0.7 second (Table 5A). For pulses of similar 
durations of helium zero gas into nitrogen zero gas flowing at 
the same rate, the time was found to be about 0.4 second (Table 
5B). Figure 12 demonstrates a typical strip chart recording of 
the response time for a pulse of half a second of nitrogen zero 
gas genearated into helium zero gas flowing at a rate of 6 SLPM. 
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IV- CONCLUSIONS 


ORIGINAL PAGE IS 
OE POOR QUALITY 


1 - The linearity data demonstrate a linear response of the 
instrument in the concentration range tested for the analysis 
of oxygen, hydrogen, helium and argon in nitrogen background 
gas, and hydrogen, oxygen and argon in helium background gas. 

2 - Optimum sample flow required for the instrument is 0.48- 
0.52 SLPM for the sample inlet port capillary having inner 
diameter of 0.025 inch. Higher flow rates of upto 0.8 SLPM 
did not affect the analytical readout of the instrument. The 
flow rate should be optimized for the individual sample inlet 
port capillary. 

3 - The detection limits of the multiple gas analyzer mass 
spectrometer for the analysis of the analyte gases in 
nitrogen zero gas are: H 2 (0-100% range)-197 PPM, 02(0-25% 
range)-26 PPM, He(0-100% range)-305 PPM and Ar(0-100% 
range)-27 PPM. The detection limits in helium zero gas are: 
H 2 (0-100% range)-109 PPM, O 2 (0-25% range)-22 PPM and 
Ar(0-100% range)-15 PPM. 

4 - The drift study reflects that the analyte gas channel output 

are much stable in nitrogen zero gas as compared to helium 
zero gas. For accurate and precise analytical results, periodic 
background correction is needed during the analysis of the 
analyte gases in nitrogen background gas. However, it is 
especially important during the analysis in helium 
background gas. 

5 - Minimum response time required by the instrument to detect 

90% of a peak of nitrogen zero qas from the baseline was 
found to be 0.6-0. 7 second wlim, r»<>' o ->f holt n second 
duration of nitrogen zero gas wen oem M* i into helium zero 
gas flowing at a rate of 3-6 SLPM. For pulses of helium zero 
gas of similar duration generated into nitrogen zero gas 
flowing at the same rate, the response time was found to be 
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about 0.4 second. 


6 -The present study on the characterization of the Perkin 
Elmer's MGA-1200, turbomolecular-pumped, magnetic 
sector, multiple gas analyzer mass spectrometer (H2S2) 
demonstrates that the instrument can be utilized for the 
quantitative analytical determination of hydrogen, oxygen, 
helium and argon in nitrogen and helium background gases. 
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LINEARITY AND PRECISION STUDY: STATISTICAL DATA OP GASES IN N2 BKG GAS 
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Table IB 


BACKGROUND CONCENTRATIONS IN N2 FOR DETECTION UMIT DETERMINATION 
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LINEARITY AND PRECISION STUDY: STATISTICAL DATA OF GASES IN He BKG GAS 
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Table 2A Continue 
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BACKGROUND CONCENTRATIONS IN He FOR DETECTION UMIT DETERMINATION 
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DRIFT STUDY: READOUT OF THE STD GAS MIXTURE IN N2 WITH BKG CORRECTIONS 
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